Background: The efficacy of surgery alone for patients with locally advanced esophageal cancer (EC) is still unsatisfactory. Presently, induction therapy followed by surgery is the standard treatment. Preoperative chemotherapy (CT) and chemoradiation (CRT) are proven effective induction therapies; however, few sample studies have addressed these treatments, thus, their superiority remains uncertain. We performed a systemic review and meta analysis to test the hypothesis that induction CRT prior to surgery could improve survival compared with induction CT alone. Methods: A comprehensive search of PubMed and the Ovid database for relevant studies comparing EC patients undergoing resection after treatment with induction CT alone or induction CRT was conducted. Hazard ratios (HR) and 95% confidence intervals (95% CI) were extracted from these studies to provide pooled estimates of the effect of induction therapy on overall survival. Results: Five studies met the criteria for analysis. Statistical analysis demonstrated a survival benefit of induction CRT compared with induction CT alone (HR0.73, 95% CI 0.61-0.89; P = 0.002). Further analysis showed that induction CRT perioperative mortality and complication rates were higher than for induction CT alone (HR 2.96, 95% CI 1.38-6.37; HR1.6, 95% CI 1.30-1.98; P = 0.01, respectively). Conclusions: Published evidence comparing the different efficacies of induction CT and induction CRT is sparse, with few samples of adenocarcinoma. This analysis supports the view that, compared with induction CT, induction CRT could achieve a long-term survival benefit in EC patients.
Introduction
Esophageal cancer (EC) is a malignancy responsible for the eighth highest morbidity and sixth highest mortality rates worldwide, with more than 450 000 new cases diagnosed each year. 1 In China, EC morbidity and mortality rates sixth and fourth highest, respectively. 2 According to the Surveillance, Epidemiology, and End Results Program database, in the United States, where the morbidity of EC was traditionally thought to be low, new cases and deaths of EC in 2014 were still as high as 18 170 and 15 450, respectively. 3 Therefore, EC represents an important health issue, not only in China, but globally. Presently, surgery still is generally accepted as the main treatment for EC. Despite tremendous improvement in surgical techniques and comprehensive management, attributing to a reduction in perioperative complications and mortality, the long-term survival of EC patients who undergo surgery alone has not improved; most patients die of local recurrence and metastasis at different periods after surgery. 4 Compared with other malignancies, the prognosis of EC is dismal, with five-year survival ranging from 15-25%. 5 Most EC patients are diagnosed at locally advanced stage or even have distant metastasis, resulting in a poor prognosis. 6 In the past three decades, researchers have conducted clinical trials on comprehensive treatment based on surgery, aiming to improve the long-term survival of patients who receive surgery alone. Recently, neoadjuvant therapy has emerged as a potential treatment. Methods of neoadjuvant therapy include: induction radiation, induction chemotherapy (CT), and induction chemoradiation (CRT). Of these three treatments, induction radiation has gradually been rejected, as it increases perioperative complications and mortality without improving survival, whereas induction CRT and induction CT are presently thought to improve survival in EC patients. 7 Induction therapy is associated with its own toxic and side effects, however, and could also increase postoperative complications and mortality. The addition of induction radiation to induction CT could enhance these toxic and side effects; therefore, research comparing the long-term survival benefit between induction CT and induction CRT, as well as the differences in postoperative complication and mortality rates between the two treatment strategies, is of critical importance. The presently limited clinical trials and small samples regarding these therapy modalities have resulted in a lack of evidence to guide decisionmaking in clinical practice. Herein, we perform a systemic review and meta analysis of available data to determine if induction CRT is superior to induction CT alone in patients with resectable EC.
Materials and methods

Data sources and search strategy
Studies were identified by searching electronic databases and relevant publications. PubMed and the Ovid database were searched for English language articles published between January 1960 and December 2014 which met eligibility criteria. The search was limited to studies in humans.
Search terms included: ("preoperative chemotherapy" OR "neoadjuvant chemotherapy" OR "chemotherapy followed by surgery") AND ("preoperative chemoradiotherapy" OR "neoadjuvant chemoradiotherapy" OR "chemoradiotherapy followed by surgery") AND ("oesophagectomy" OR "oesophageal neoplasia" OR "esophageal carcinoma" OR "esophageal cancer" ).
Inclusion and exclusion criteria
Eligibility assessment was first performed independently by two authors who screened the titles and abstracts identified. Disagreements between reviewers were resolved by consensus. The full texts of shortlisted studies were reviewed and further assessed. All review authors decided on study inclusion. Inclusion criteria were as follows: (i) clinical trials comparing induction CT followed by surgery and induction CRT followed by surgery in EC patients; (ii) the survival rate was demonstrated in the study; (iii) the study included cases of pathologically confirmed EC, including gastroesophageal junction carcinoma; and (iv) all patients received primary treatment for resectable EC.
Exclusion criteria were as follows: (i) patients received non-surgical treatment; (ii) patients received no induction treatment; (iii) survival time was not documented; and (iv) no comparison between neoadjuvant CT and neoadjuvant CRT was made.
Quality assessment of literature
A modified Jadad rating scale was adopted to assess the methodology of the literature. 8 The content of the assessment included: (i) whether the study was randomized; (ii) whether the randomization methods were appropriate; (iii) whether the study was conducted as double blind; (iv) whether the double blind methods were appropriate; and (v) reasons why any case was lost to follow-up.
Data collection
The items of data collected included: first author names; date of publication; number of cases; pathological type; neoadjuvant CT regimen; neoadjuvant CRT methods and radiation dose; perioperative mortality; postoperative complication rate; and survival data.
Outcome indices of literature
Outcomes of the study included: overall survival (OS); disease-free survival (DFS); perioperative mortality; and postoperative complication rates.
Statistical analysis
All of the indices in the study were enumeration data and disposed by STATA 12.0 statistical software (Stata Corp., College Station, TX, USA). The results were demonstrated by hazard ratio (HR) and 95% confidential interval (CI). A Q test was used to evaluate the heterogeneity between groups, where I 2 > 50% was viewed as heterogeneous. When warranted, results were pooled under a random effect model, in view of anticipated differences in clinical design. A Z test was used to analyze the effect size, 0.05 was determined as the standard of significance, and a Begg's test was applied to explore publication bias.
Results
General information
The initial PubMed search yielded 1108 studies; 1102 were discarded after an abstract and title review demonstrated that they did not meet inclusion criteria: (i) no comparison of neoadjuvant CT and neoadjuvant CRT; or (ii) the study was not a clinical trial. Full texts of the remaining six studies were further examined. One of these studies was eliminated because of incomplete survival information. Thus, a total of five clinical trials were included in the systematic review, including three randomized controlled trials (RCTs), one non-randomized cross-comparison study, and one retrospective study. The five clinical trials included in the study were published in 2007-2011, with a total of 678 patients, among which 317 received neoadjuvant CT and 361 received neoadjuvant CRT. The gender distribution of the patients was 585 men and 93 women. Pathological type included 94 squamous cell carcinoma and 584 adenocarcinoma, with two studies only including adenocarcinoma patients.
The studies had all adopted the tumor node metastasis (TNM) staging system, and patients in most of the studies were clinical stage II/III patients, while 21 patients from two studies were clinical stage IV patients. The neoadjuvant CT regimen mainly adopted was a platinum-based combination CT, ranging from 2-5 cycles with radiation doses ranging from 30-60 Gy. Table 1 details the characteristics of the therapy regimes.
Overall survival of esophageal cancer (EC) patients: Neoadjuvant chemoradiation (CRT) versus neoadjuvant chemotherapy (CT)
The comparison of OS between neoadjuvant CRT plus surgery and neoadjuvant CT plus surgery is demonstrated in Figure 1 . All five clinical trials (with a total of 678 cases) offered overall survival information, and all reported that patients who underwent surgery after neoadjuvant CRT tended to obtain longer survival compared with those who received surgery after neoadjuvant CT; however, only one study showed a statistically significant survival difference. Pooling the survival results showed that long-term survival of patients treated with induction CRT was better than induction CT alone, and the differences were statistically significant (HR 0.73, 95% CI 0.61-0.89; P = 0.02). No between-group variability was observed (I 2 = 0.0%).
Disease-free survival of EC patients: Neoadjuvant CRT versus neoadjuvant CT
Induction CRT improved DFS over induction CT alone in resectable EC patients. A DFS comparison between induction CRT and induction CT alone in resectable EC patients is illustrated in Figure 2 . Two clinical trials (with a total of 279 cases), offered DFS information, and concluded that EC patients who received induction CRT plus surgery tended to obtain longer DFS compared with those who received induction CT plus surgery; however, a statistically significant difference was only observed in one study. Pooling of data from these studies demonstrated a statistically significant DFS benefit of induction CRT versus induction CT alone (HR 0.73, 95% CI 0.54-0.98; P = 0.037). The estimated proportion of between-study variability (I 2 ) was 64%, indicating heterogeneity.
Postoperative pathologic complete response rate in resectable EC patients: Induction CRT versus induction CT alone
The postoperative pathologic complete response (pCR) rate comparison between induction CRT and induction CT alone in resectable EC patients is illustrated in Figure 3 . All five clinical trials (with a total of 678 cases) offered pathological pCR rates. Individually, each of the five studies demonstrated a higher postoperative pCR rate for induction CRT versus induction CT alone; three clinical trials reported a statistically significant difference. Pooling of data from these five studies (n = 678 patients) demonstrated a significantly higher pCR rate for induction CRT versus induction CT alone (response rate [RR] 6.48, 95% CI 3.36-12.49; P < 0.001]. No betweenstudy variability was observed (I 2 = 0.0%).
Perioperative mortality in resectable EC patients: Induction CRT versus induction CT alone
A perioperative mortality comparison between induction CRT and induction CT alone in resectable EC patients is illustrated in Figure 4 . All five clinical trials (with a total of 678 patients) offered perioperative mortality data; four of these studies demonstrated that patients who received induction CRT plus surgery tended to suffer higher perioperative mortality compared with those who received induction CT alone plus surgery. One study showed statistical significance, while another demonstrated no perioperative patient death in either of the two groups. Pooling of the data from these five studies showed a statistically significant higher postoperative mortality rate of induction CRT versus induction CT alone (HR 2.96, 95% Figure 1 Meta analysis comparing the overall survival between induction chemoradiation plus surgery and induction chemotherapy plus surgery. CI, confidence interval; HR, hazard ratio.
Figure 2
Meta analysis comparing the disease-free survival of patients receiving induction chemoradiation plus surgery and induction chemotherapy alone plus surgery. CI, confidence interval; HR, hazard ratio.
Induction CRT is superior in ECCI 1.38-6.37; P = 0.005). No between-study variability was observed (I 2 = 0.0%).
Postoperative complication rate in resectable EC patients: Induction CRT versus induction CT alone
A comparison of postoperative complication rates between induction CRT and induction CT alone in resectable EC patients is illustrated in Figure 5 . Four of the five clinical trials (with a total of 559 cases) offered postoperative complication data; three studies reported that patients who received induction CRT plus surgery tended to suffer from higher postoperative complication rates compared with those who received induction CT alone plus surgery; however, only one study showed statistical significance. Pooling of the data from these four studies (n = 559 patients ) demonstrated a statistically significant higher postoperative complication rate for 
Bias test of the literature
Of the five studies in this meta analysis, after performing a Begg's test, no asymmetry in the funnel plot was observed, indicating that no significant publication bias existed in the OS major research index (Fig 6) .
Discussion The status quo of EC treatment
To date, surgery is the main treatment for EC, and is an effective treatment modality for early stage patients, with five-year survival reaching more than 70%. 14 Unfortunately, over two thirds of patients are in locally advanced stage at diagnosis (>T2 or > = N1); thus, the efficacy of surgery alone for these patients is relatively unsatisfactory. 6 Presently, preoperative Figure 5 Meta analysis comparing the postoperative complication rate between induction chemoradiation plus surgery and induction chemotherapy alone plus surgery. CI, confidence interval; HR, hazard ratio.
Figure 6
Funnel plot of the overall survival between patients receiving induction chemoradiation plus surgery and those receiving induction chemotherapy plus surgery. HR, hazard ratio; SE, standard error.
Induction CRT is superior in ECtherapy, particularly preoperative CT and preoperative CRT, have been proven to improve patient survival. The Medical Research Council Oesophageal Cancer Working Group conducted a prospective randomized controlled clinical trial (OEO2) comparing the efficacy of preoperative CT plus surgery versus surgery alone for resectable EC patients. 15 The study enrolled a total of 802 patients, from March 1992 to June 1998, which were randomized into two groups: 400 patients in the neoadjuvant CT plus surgery group and 402 patients in the single surgery group. The regimen of neoadjuvant CT was two cycles of cisplatin plus 5-fluorouracil. Their results demonstrated that the R0 resection rate in the neoadjuvant CT plus surgery group was higher compared with the surgery alone group (60% vs. 54%; P < 0.001), without an increase in postoperative complication rate (41% vs. 42%, respectively). The median and two-year survival rates of patients in the neoadjuvant group were longer than in the surgery alone group (16.8 vs. 13.3 months; 43% vs. 34%, respectively). The study concluded that two cycles of CT before surgery could prolong the OS and DFS of patients without increasing perioperative risk. This clinical trial also laid the foundation for induction CT in the comprehensive treatment of EC in Europe and concluded an ongoing argument upon whether neoadjuvant CT could prolong the survival of EC patients. A few years later, van Hagen et al. conducted the famous CROSS trial, comparing the efficacy of induction CRT followed by surgery and single surgery in the treatment of EC. 16 The study enrolled a total of 366 patients from August 2004 to December 2008 with 178 patients grouped randomly into a neoadjuvant CRT group and 188 patients into a single surgery group. Again, the results confirmed that induction CRT based on paclitaxel plus carboplatin followed by surgery could prolong the median survival time of EC patients (49.4 vs. 24 months) and improved their overall survival (HR 0.675, 95% CI 0.495-0.971; P = 0.003) This study, in turn, laid the foundation for neoadjuvant CRT in the comprehensive treatment of EC. However, a lack of evidence of the effects of neoadjuvant CT and neoadjuvant CRT means that clinicians have difficulty in deciding upon appropriate treatment. Thus, a definitive conclusion is urgently needed in order to guide treatment decisions in clinical practice.
The potential pros and cons of induction CT and induction CRT in EC treatment
The esophagus is located at the bottom of the laryngopharynx and leads down to the abdominal cavity to connect the stomach through the posterior mediastinum. The cervical, thoracic, and abdominal anatomic sites of the esophagus are surrounded by many vital organs; thus, an esophagectomy is a highly traumatic surgery with high mortality and complication rates. 17 In order to reduce the high risks associated with esophagectomy, perioperative treatment for EC patients needs to be developed. Presently, the preferred perioperative treatment is induction therapy. Induction CT offers the following potential benefits: (i) a downstage in tumor stage; (ii) eradication of subclinical micro metastasis; (iii) reduction in the risk of implantation metastasis; (iv) better patient tolerance compared with patients receiving induction CRT, which allows the patient to complete the whole treatment; and (v) tumors are usually rich in blood supply, which provides better efficacy using CT. 18 There are several potential advantages of induction CRT compared with induction CT alone: (i) an increase in the R0 resection rate enables more patients to undergo complete resection; (ii) an increase in pCR rate improves patient survival; and (iii) prolonged DFS. However, the potential disadvantages are as follows: (i) an increase in postoperative complication and mortality rates; (ii) radiation therapy is associated with its own complications, including radiation-induced pneumonitis and pulmonary fibrosis; (iii) adding induction radiation to induction CT may prolong the treatment cycle; and (iv) an increase in medical expense.
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Long-term survival: Induction CRT versus induction CT alone
As a result of the need for development of preoperative therapy for EC, debate on the efficacy of preoperative treatment and single surgery remains. Studies regarding the superiority of induction therapies are limited. 20, 21 Sjoquist et al. assessed the efficacy of neoadjuvant CRT plus surgery and neoadjuvant CT plus surgery in a meta analysis of two RCTs, with a total of 194 cases. 20 The results demonstrated no superiority of preoperative CRT to preoperative CT (HR 0.77, 95% CI 0.53-1.12; P = 0.17). However, the meta analysis did not compare perioperative complication and mortality or RRs between the two induction treatment modalities; thus, the authors finally concluded that a clear advantage of neoadjuvant CRT over neoadjuvant CT had not been established. The present meta analysis synthesized the results of five clinical trials with a total of 678 patients; we found that induction CRT improved the OS of EC patients compared with induction CT alone (HR 0.73, 95% CI 0.61-0.89; P = 0.002) and the pCR rate was higher in the induction CRT group (RR 6.48, 95% CI 3.36-12.49; P < 0.001).
We further analyzed the perioperative mortality and complication rates of the two groups, and our results demonstrated that, compared with neoadjuvant CT, perioperative mortality and the postoperative complication rate were higher in the neoadjuvant CRT group (HR 2.96, 95% CI 1.38-6.37; P = 0.005; HR 1.61, 95% CI 1.30-1.98; P < 0.001, respectively). Therefore, it is of critical importance to determine how to to maintain survival benefits and reduce the mortality and complication rates of induction CRT in EC patients.
Limitations of the study
Among the five studies included in our meta analysis, only three were RCTs, at level II levels of evidence; one was a nonrandomized cross-comparison study; and the other was a retrospective cohort study, at a level III level of evidence. The survival data of the present study were completely based on original literature; therefore, we were unable to subanalyze different pathological types of EC and patients' responsiveness to induction therapy. In addition, the definitions of postoperative complications in the varied literature were disparate, leading to a gap in postoperative complication rates among individual studies.
The meta analysis we conducted demonstrated that research regarding the superiority of induction CRT and induction CT in EC treatment is limited, with a small sample size. In addition, adenocarcinoma was the dominant pathological type, with as few as 94 squamous cancer patients, among which 70 cases were in non-RCT trials.
Thus, randomized controlled clinical trials with large samples are urgently required in order to guide clinicians in choosing an induction treatment modality for esophageal squamous cancer, a major pathological type of EC. Additionally, more clinical trials are required to compare the survival of patients in which induction therapy was effective and ineffective, in order to yield detailed information of induction treatment.
